ngoing demand for improved performance and efficiency, coupled with lower costs, has led to manufacturers of high-speed turbomachinery and other dynamic systems stepping up their efforts to improve the properties of the materials used. For robot systems, with masses that have to be accelerated quickly, or rotors, which have to withstand high centrifugal forces, materials are required which combine high strength and stiffness with low weight. Fiber-reinforced composites fulfil these requirements better than standard materials, such as steel, aluminium or titanium alloys, on account of their extraordinary strength-to-weight and stiffness-toweight ratios (Table 1) .
While many types of composites exist
[1], the most mature and promising materials for inertia-loaded structures are those based on carbon fiber reinforced polymers. The challenge involved in manufacturing structures made with these materials lies in the need to orientate continuous fibers in multiple directions.
In the traditional three-step approach , the laminate is first hand laid-up with unidirectional carbon fiber sheets which have been pre-impregnated with a thermosetting resin. Next, an autoclave is used to apply consolidation pressure and heat to harden, or cure, the resin.
Finally, the material has to undergo quality control, usually based on ultrasonic inspection .
Not only is this manufacturing process labour-intensive but the material scrap rate is high and repeatability is limited.
Switching to carbon fiber tape impregnated with thermoplastic resin and employing an automated lay-up procedure circumvents these disadvantages, increases affordability, and leads to a wider range of applications and new levels of performance.
Polymeric composite materials
In composites, the fibers are the principal load-carrying members and the surrounding polymer (or matrix) helps to position and transfer load between them while also providing protection from the environment. The most important characteristics required of a reinforcing fiber are low density and high stiffness and strength; several commercially available fibers satisfy these criteria ( 
Traditional manufacturing of composite parts
The fiber reinforcement in a high-performance composite structure has to be continuous with well-defined orientations.
Processes such as injection and compression moulding are not considered here as they are more suited to short-fiber composites.
Continuous reinforcement is achieved by hand laying woven or unidirectional fiber fabrics over a mould. A thermoset resin is then brushed on, or the fiber fabric is dipped in a resin bath beforehand or the resin is infused under a vacuum bag.
An alternative and more elegant method is to use pre-pregs. These are sheets in which the fiber has been pre-impregnated with a controlled amount of thermoset resin and then partially cured to give it tack qualities rather like those of cellotape.
After lay-up, the laminate is vacuumed and external pressure is applied to remove air and ensure wet-out of the fibers. Heat is then used to cure the resin. The heat and pressure are usually applied in an autoclave .
Besides this manufacturing process being labour-intensive, the material scrap rate is high and repeatability is limited.
These shortcomings were recognized in the early days of composites, and as a result the filament winding manufacturing process was developed to automate and mass produce composites. In this process, a tow of continuous fibers is wound onto a rotating mandrel. Before they reach the mandrel, the fibers are impregnated by passing them through a resin bath. Full • Fibers can be laid only along geodesic paths, where tension can be applied.
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• Plies parallel to the winding axis are not practicable.
• Complex shapes, ie concave or double curvature, are impossible.
• The quality of the laminate is limited. Furthermore, by applying heat at the point of lay-down the thermoplastic tape can be consolidated in situ, so there is no need for autoclaving.
Another major factor is the cost of the multi-axial tape-laying head manipulator.
Historically, these machines have been scaled-up versions of numerically controlled milling machines and are typically low-volume products [4, 5] . Recently, enormous progress has been made in the areas of cost, mechanical performance and control of 6-axis robots. For example, In a later step, the robot path planning will be combined with CAD and the composite layer build-up design. The integration of the part design, mechanical analysis and manufacturing process will not only drastically reduce manufacturing time, and therefore costs, but also reduce the interface problems and improve performance.
Modelling and control of the TFP process
The TFP process depends to a large extent on the heat transfer from the heat source (ie, the hot gas torch or laser) to the tape and on the cooling process after- 
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Finite element interface and ply description can be increased and the process will be even easier to use in an industrial manufacturing environment.
Industrial application for motor overhang bandages
For this industrial application the TFP process has been slightly modified and implemented in an ABB motor factory [10] . It is now used as part of the production process for electrical machines. • Preheating of the rotor before winding and curing after winding are not necessary.
• Minimal or zero use of expendable materials.
• Carbon fiber and thermoplastic material properties improve performance: an increased strength-to-weight ratio results in thinner, lighter rings; the negative coefficient of thermal expansion promotes higher ring pretension;
and higher thermal conductivity promotes rotor cooling.
• In situ consolidation produces bandages with higher and more consistent levels of retained tension, increasing quality and reducing the need for 'overkill' designs.
• With in situ consolidation, winding geometries which cannot be achieved A LabView user interface is used to monitor the process parameters, optimize the process and carry out tests.
A cost-benefit analysis shows that the advantages of the TFP process translate into a major competitive edge over all other processes.
Summary and outlook
The 
